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WIND-TUNNEL INVESTIGATION OF NACA 23012, 23021, AND 23030 AIRFOILS
EQUIPPED WITH 40-PERCENT-CHORD DOUBLE SLOTTED FLAPS

ByTHOMASA. HAREISand ISIDOEEG. REC.A~T

SUhlKIARY

.4n investigation was conducted in the A?ACA 7- by
10-joot wind tunnel to determine the e~ect of the de$ecfion
ofmain and auxiliury slotted saps on the aerodynamic
section characteristicsof large-chordiVACA 23012,23021,
and .23030airfoils equipped witli 40-percent-chorddouble
slotted$aps. The complete aerodynamic ~ection charac-
twi8tics and enrelopepolar curres aregiwn for eachai)fail-
t?apcombination. The e~ect of airfoiEthicknes8 is 8hm,
and compari80w are made of single 810tted$aps w-th
double slotted$aps on each of the awfoils.

The maximum 8eciion lijt coejikient of a-nairjoil with
a .@+ercent-chorddouble810ttedjfapw found to increme
8[ow1ym“th increasing thickness, reaching a value of 3.7
for the 30-percent-thick airjoil. For any airjoil thicknes8,
the double slotted$ap gare a higher value of 8ection rnaxi-
zaum li~ coej?cient than either the -#)-percent-chardor the
%5.66-percent-chordsingle slotted j?ap8. The large lijt
coejhv”ents~or the double slottedjla.ps were accompanied
by targe~“tching-momentcoejim”ents. The section projile-
drag coej%ient of an airfoil with a double 810tted$ap in-
crea8ed with an increase in thicknes8 at all except rery
high lijl coej&ient8. For a giren airjoil thic?cnew, the
double and the single slotted$aps gate about the same sec-
tion pro$le-drag coefiients for section lijt coq&i4nts less
than 4?.0;abore this VQIUthe double slotted-flap gave the
lower section pro~ledrag coe@ient8.

INTRODUCTION

The National Advisory Committee for Aeronwtics
has undertaken an extensive investigation of various
airfoil-flap combinations to furnish information applic-
able to the aerodynamic design of high-lift devices for
improving the safety and the performance of airplanes.
A high-lift cle.vice capable of proclhcing high lift with
variable drag for landing and high lift with low dr~g
for take-off MUI init id climb is believed to be desirable.
Other desirrMe nwmlynamio features me: no increme
in drug wit-h the flq) Iwutmd; smnll rhallgo in pitching
moment with flup deflec.timl; low forces recluired to
open-de the flap; nnd freedom from possible lmzard due
to icing.

The results of an investigation of a 25-percent-chorcl
single-slotted flap on airfoils of 12-, 21-, and 30-percent
thickness are reported in references 1 to 3; results of a

40-percent-chord single-slotted flap on the same mir-
foils ore reported in references 3, 4, and 5. The Foviler
and the venetian-blind flaps have also been investigated
on the 12-percent-thick airfoil, and the results are re-
ported in references 1 and 6. Data are presented in
reference 7 for split flaps of various chord on 12-, 21-,
and 30-percent-thick airfoik. The results of tests of a
25-percent-chord double-slotted flap on the 12-pereent
thick airfoil are reported in referenm 8.

The data presented in reference 8 indicated that the
double slotted flap -was superior to the single slotted
flap for high lift and for low drag at the high section
lift coefficients. In the present report are given the
rwdts of the tests of the NACA 23012, 23021, and
23030 airfoils, eaoh equipped with a 40-percen&chord
double slotted flap.

MODELS

PLAINAIEFOILS

Three basic models, or plain rLirfoils, were used in
these tests; each had a ohord of 3 feet and a span of 7
feet. The models were constructed of laminated wood
and were built to the NACA 23012, 23021, and 23030
profiles. The thickness of each of these airfoik is,
respectively, ] 2, 21, and 30 percent of the airfoil chord.
The airfoil ordinatw are given in table L These air-
foils had previously been used for the splitdap in-resti-
gation reported in reference 7.

SLOTTEDFLAPS

Slot shapes.—The slot shupes used were the same as
those used for the singje slotted flaps reported in refer-
ences 1 to 5. The piec-s forming the slot shape for the
main slotted flup was attached direct.ly to the main
portion of the airfoil; for the auxiliary flap the slot
shape was formed by cutting the trailing edge of the
muin fhp. The slot shapes for the three nirfoils me
shown in figure 1.

Flaps.-The flap contmm were the swne as those used
in Lho investigation of the single slottwl flaps reported
in references 1 to 5. The mnin flup was hinged to the
nmiu portion of the airfoil by special fittings, and the
rnucilin~ flap was Mnged to the main flap. The flap
shapes are shown in figure 1 and the flup ordinates qre
given in table II. The deflection of the main flap is
measured between the flap chord tmd the chord of the
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main airfoil; whereas, for the rwxiliary flap the deflec-
tion is measured between its chord and the chord of the
main flap,

The models were made to a tolerance of+ 0,015 inch,

TESTS

The models were mounted vertically k.the closed @t
section of the hTAC?A7- by 10-foot wind tunnel sc m
to span the jet completely except for Srnidl clearances
at each end, (See references 1 and 9.) The main air-
foil was rigidly attached to the balance frame by torque
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tubes, which extended through the upper and the lower
boundaries of the tunnel. The angle of attack of the
model was set from outside the. tunnel by rotating the
torque tubes with a calibrated electric drive. Approxi-
mately twodimensiomd flow is obtained with this type
of installation and the aerodynamic section character-
istics of the model under. test gan be determined.

A dynamic plessure of 16.37 pounds per square foot
was maintained for alI the tests, which corresponds to a
velocity of about 80 miles per hour under standard at-
mospheric conditions and to an average test Reynolds
munber of about 2,190,000. Because of the turbdence
in the wind tunnel, the effective Reynolds number R,
was approximately 3,500,000. (See reference I.o.) For
all tests, R6 is based on the chord of the airfoil with the
flap retracted and on a turbulence factor of 1.6 for the
tunnel.

No tests were made of the plFLinairfoils because they

were the same airfoils used in the investigation of the
split flaps reported in reference 7. Tests wcm made,
however, to determine the effects of tle breaks in the
surface of the airfoil with the flaps undeflec.ted.

Beca~se of the large number of tests involved in
determining the optimum paths for the main and the
auxiliary flaps on each airfoiI, it was nssumed that the
optimum paths for the single slotted flaps (references
1 ta 5) would be the optimum paths for the combina-
tion. Tests were therefore made for each position
and deflection of the main flap as previously determined.
For each position and deflection of the main ffap, tho
auxiliary flap was tested at its previously detiwmiucd
optimum positious and deflections, For each airfoil-
flap m-rnbindion, the flaps were deflected though a
suffici~nt range to obtain the maximum lift coefficient.

An angIe-of-atttick range from – 6° to the angle of -
attack ‘for maximum lift was covered h 2° increments
for each test. Lift, drag, and pitching moment were
measured A each angle of attack,

RESULTS AND DISCUSSION

COEFFICIENTS

All test results are giveu in standard section non-
dimensional coefEcient form corrected for tunnel-wall
effect “rind turbulence as explained in reference 1,

section lift coefficient (1/qc)

secticm profik+drag coefficient
(dO/qc)

scc~ion pitching-moment coefficient
about aerodynamic center of plain air-

“foil (W. ...)JW?

section effective mwximurn lift

( +[ ?])cm(a.c.)o~,m.=
coefficient c~maz t

section lift

section profile drag ,,

section pitching moment

dynamic pressure (1/2PV)

chord of basic airfoil with flap fulIy
retracted

sectiou maximum Iifb coefficient

section pitching-moment coefficient at
maximum lift coeilicient

distance from aerodynamic center of
airfoil to cen$er of pressure of tail,
expressed in airfoil chords
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aud

% angle of attack for infinite aspect ratio

&l main flap deflection

8f2 auxliary flap deflection

.,, . .. PRECISION

The accuracy of the various measurements in the
tds is believed to be within the follo~g limits:

----------------- *O- 1° c%~cl=l.o)---------- +0. 0006

c1~==--------------+0. 03 C% ----------
(q=m

*O. 002

%. c.)o------------ +0. 003 3J1and Srz-----_-_- +0. 2°

c%{. ------------- +0. 0003 Flap position ------ +0. 001c

The clata from the tests with the main nnd the a~L~-
iliary flaps retracted and unreflected have been cor-
rected both for the effect of breaks in the surface at the
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FIGURE2—AerodgnamIo wctfon cbaracteristlcs of NACA 23012plain rdrfofl.

slot entries and exits and for the effect of the flap hinges.
hTo such corrections were applied when the flaps were
deflected because of tha large number of tests required,
but it is believed that the relative merits of the various
mrangements are inappreciably affected.

AERODYFJAMC SECTION CHARACTERISTICS

Plain airfoils,-The compIete aerodynamic section
characteristics of the three basic airfoils tested are

given @ figures 2, 3, and 4. Because these data have
already been cliscussed in reference 7, no further com-
ment is believed necessary.

Effect of breaks in surface,-The effect on the section
profle-drag coefficient of the breaks ir. the airfoil sur-
faces at the slot entries and esit.s when the flaps are re-
tracted is shown in fi=gure 5. In these tests the slots
were sealed so that there was no air flow through them.
The breaks in the surface of the NACA 23012 airfoil
cause an increrise in the section profile-drag coefficient
from 0.003 to 0.004 throughout the lift range. For
the NACA 23021 airfoil, the increment of the section

1 1 I 1 , I , 1 , ,

-$:0 j: I Ih 1 0$I r i 1- 1 r IG.> E

Q$ I I I I I I 1 I 1 I 1 1 1 *
: _./

c-i} 72 0 .2. .4.:6 d
“ -4Lo, .1.2 ‘ f.4

%t Sectionliftcoeffickni,c1

FILWBEtL–Awodynamio sectfon-ohumtmfstks of NACA 2S0.21SIIrJn akfoIL

profde-cLrag coefficient is 0.0055 at a section Iif~ coef-
ficient of O, increases to 0.0072 at cl=0.75, and then
decreases to 0.004s nt c,= 1.2. For the NACA 23030
airfoil, the increment of the section proflh-drag co-
efficient decreases from about 0.012 a.t low section lift
coefficients to about 0.008 at CJ= 0.8. With properly
designed doors and flaps to close the brerdw in the lower
surface of the airfoils, rdl or most of the drag increment
may be eliminat ed

Airfoils with double slotted flaps.-The aerodynamic
section chamcteristics of the airfoils tested with 40-
pert.ent double slottecl flaps are presented in figures 6
to 10 for the hTACA 23012 airfofl, in figures 11 to 15
for the NACA 23021 a.irfoi.1,and in figures 16 to 20 for
the NACA !23030 airfoil These figures show the effect
of variation of auxiliary flap deflection 6rz for a given
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main flap deflection elfl. As has hem previously pointtd

out, rI complete investigation of till the. combinations
of flap deflection nnd position for the mnin cmcl tllc
auxiliary flaps on cnch airfoil would require n prohibitive
number of tests, It was tlumfore dociclcd to move
and to deflect the mti and the mmi~iary flaps of each
airfoil along the optimum paths determined in previous
tests of each flap as a single slotted flap. The follow-
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FIGURE4.-Aerodynamic s?ction cMaokrlstlm of NACA 22C@3plain airfoil.

ing table gives the source frcum which each flap path
was obtained.

“:’d“’:’”’r”er”’10.40cfl l-b . . . . . . . . . . . . . . . . . . . . . .231112:----- %%iiliiy--------- 0.2Wc%a 2-h-------------------
0.4WfbI ?-b . . . . .._.. . . . .._-2S321. . . . . . ~=ti~;:::;::~:~ o~~ 2-b-------------------- 2

m,----- Main ----------------- 0.40cfh ?-b . . . . . . . . . . . . . . . ---- :
AuxIfisry . . . -------- O.W&p l-b-------------------

The pftth of the ~uxilimy flap on the NACA 23012
irfoil is the o~timurn indicated bv reference 1 onlv for

the auxiliary flap was moved along a path M close to
the optimum as the hinge fittings permitted, This
procedure was necessitated by the fact thtit the fittings
had been cdtcrccl after the single slotkod flap lmd been
tested. In any case, the actual paths followed by the
flaps are shown on the figures.

Inspection of @urea 6 to 20 shows that deflection of
either auxiliary or main flaps affects the slopes of the
lift curves k some degree, which is determined by the

flap Jrffmtion tind t.l!e airfoil thic.kncss. Any deflection
of the auxiliary fltip, in general, increfwc9 the slope of
the lift curve over t.lmi of 111ophin nirfoil. ‘Fhis efft?cL
is nppmm tly wfunction of airfoil thic.knees, tho incmmso
in slope being about 5 percent, 13 percent, cmd 60 per-
cent for the hTACA 23012, 23021, and 23030 airfoils,
respectively. (See @s. 6, 11, and 16.) It may be
noted, however, that the slopea of the lift curves for tho
three airfoils with the auxiliary flaps deflected are about
the same. Deflection of the main flaps for all but tho
30-pefcent-thicli airfoil tends to clecreasc the lifkmrvc
slopo although tho slopo still rcmnins higher thfin for
the plain airfoils.

At ct given section lift coefficient and main flap cfc-
flection, the negative pitching-moment coefficient in-
creases with auxiliary flap deflection for all the airfoils.
The section pitching-moment coefficient rdso increases
rapidly with main flap deflection. Tho change in slope
of the pitching-moment curves for large flap deflections
may be undesirable. It should be noted, however, that
the destabilizing effect at these large flap deflections and
high lift coefficients is not very pronounced for flap d-
flcctions bclow the optimum for maximum lift coeffi-
cients, except for the 30-percent-thick airfoil.

Polar envelope curves for each mnin flftp deflection,
obtained from figures 6 to 20, me plotted in figures 21,
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Fmtrrm 6.—Incrcmcnt of eeotkm profllodrag coeflident duo to brcnke [n the surfnees
of the afrfolls at the dot entrama and extte for the NACA 230 wrke with 0,40c
donble slotted flaps. 3f,=dt2+.

22, and 23 for the NACA 23012, 23021, ancl 23030 nir-
foils, respectively. These poh-ms show tho lowest sec-
tion profile-drag coefficient obtainable at R given SCC-
tion M coefficient for a conshmt mnin fly) deflection.

In the case of the ~A~A 23012 ~irfoil (fig. 21) i~ is
shown that, for section lift coefficients lees than 1,2, the
plain nirfoil gives the lowe9t section profilo-drag coeffi-
cients. At highw section lift coefficients, a main flap “”
deflection of 30° gives tho lowest secticm profik-drag
cocflicicnt. In refcrcncc 4 it is poinkd out that thu
drag for 13fl=30° at ~fz=0° is erratic, and it is belicvecl
Lhat-the values of c~o over the lift range from cJ= 1.4 to

?l= 1.9 should be disregarded. The 30° deflection is
~ptimum for mnximum section lift coefficient..
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.

FrOtmE 6.—Aerodgnamlc seetionobamcterktlcs of NACA 23012aIrfoUwith 40-pereant_ohorddouble slotted Enp. tf,=~ z,-11.w; V,-5.86. ZI, y], m, h are given In wcent
8k!fOUchord.

430134842—22
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-.

FIGUBE7,–Aerodynamic swtbm characteristics of NAOA 23012alrfoUwith 4Wsrcsnt-ohwd doable slotted flap. 6(,-10% r! -5.60; D’1=5.W 21,11. r!, h are @Ven in P?rccn I
ahfoll ohord.



-.4erodynamdc wetIon oharaeterktim of N-40.4 23012atrfoU with Opermnt*hord double sIotted flap. 6(,+; rI=2.~ j’1=5.f@q VI,q ~j are gl
akfoil obord
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FIQUBEe.-AmM@woloMotionoharaotila ofNAOA23012fdrfoflwith 4@ez@@oh~ doubk slotted flaP. Jfl-w; ZJ-I.W ff1=3.50. z!, fh, Z%w are @v~ ~ F+mnt
OkfOnohord.
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FIGURE10.—A.emdynamio Won oharmkktics of NAOA Z3012airfoil with 4$pamen%bord doubk slotted Eap. ~L-W; z,--O.W YI.1. Ed. ?!, YI,M, 01a
cent airfoil ohord.
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FIGURE11.—A
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FIOURE13.-Aerc@namIo e80tIonohe.rncterlstkg of NACA WJZi airfoil with 40-percant-chord doubIe MM flap. d,, =2W; zi=4.60; 81-SW, q YI,a, ~Sare given In porcwnt
rdrfoflohord.
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FIQom 14.—A alrM chord.

.
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.—.

..-

FICNISEM.-Aemmdwmnic section ohreoterhtim of NAC.4 !?W21airfoil with 40-Mrmnt-ohord donbIe slotted flap. ~1-4LF’;ZI*l.KI; LII=M3. It, III,%, y; am given fn precut
airfo!l ohord.
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FIGIXE 16.-AemdynnmIcs ectfon obsrmtedstlm of NAOA ZW30airfoil with #-psrc=ak?hord double slotted Efm. J/,_@; Zl=17@ u,- 14%. iq, u,, x%y, are given in pcrccnt
afrfoil chord.
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FIGUFX18.–Aerod~amlos@fon cJrarackdstfGsof NACA 22@3aMoIl wfth W+rment-ohord double slotted flap. &,=2&; zi-10dO; F1-14.W. ZI,UI,m, Fzaregfmr fn pemmnt
aIrfoUohord.
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FIGURE19.-A
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NACA 23012, 23021, AND 23030 AIRFOIM WKl?H DOUBLT! SLCYM?DD FJAPS
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FIG~E 22.-Enrelope PGlnrcumes for NACA !U021airfoil with 4Gpereent*hord double slotted drip.
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The polar envelopes for the NACA 23021 airfoil (fig.
22) S~OW t~al the plain wing gives the lowest value of

section profde-drag coefficient for section lift coeffi-
cients less than 1.0, From cl= 1.0 to about ci=2.4, the
lowest section profile-drag coefficient is given by a
main flap deflection of 0°; whereas, for section lift
coefficientts above 2.4, the minimum section profile-
drag coefficient is given by 6Jl=200. The section maxi-

mum lift coefficient is given by fi~l=300.

As in the caee of the other two airfoils, the plain
NACA 23030 ahfoil (fig. 23) givee the low~t section
profile-drag coefficient at low section lift coefficients.
From cl=0.5 to c,= 1.9, the section minimum profile-
drag coefficients are obtained with a main flap defect-
ion of OO. In tlm lift range of 1.9 to 3.2, a 20° main
flap deflection is required for optimum section profile-
clrag conditions, while a main flap deflection of 30°
gives the lowest section profile-drag coef%cients at
section lift coefficients above 3,2, Maximum section
lift is obtained with 6~,=40°..

COMPARISON OF AIRFOIL9 OF DIFFERENT THICKNESS WITH
DOUmE.sLOTTED FLAPS

Effeot of thickness on profle drag,-Envelopes of
the endope polar curves of figures 21 to 23 are given

in figure 24. These envelopes show the minimum sec-
tion profiledrag coefficient that may be Atained with
the three airfoils at any section lift coefficient. As has
been previously noted, the profih+drag data for tho
NACA 23012 airfoil with 6~1=300 and 6Jt=00 were cr-

rat,ic; the values of c% over the lift rtingc of cl= 1.4 to

C1= 1.9 jhave been disregarded in drawing the envelope
of the envelopes. The section profile-drag coefficient
increases with the airfoil thicknees throughout the lift
range except above a section lift coefficient of rtbout 3,2,
where the 30-percent. thick fiirfoil gives a lower section
profilcdrag coefficient than the others.

lMect of thickness on maximum lift,-Tlte effect of
the auxiliary flap deflection on the increment of section -.
maximum lift coefllcient with various main flap deflec-
tions is shown in figure 25 for the three airfoils. The
increment of the section maximum lift increases not
only with the auxiliary and the main flap deflections
but also with the airfoil thiclmess, The maximum
incrqnent of section maximum ]if t co&cient Ac ~,z

is obtained with the NACA 23012 and -23030 airfoils
wheu 612=40°; the NACA 23021 airfoil gives the umxi-

m~. .Ac~U when &a= 300,
The effect of the m~in flap deflection on the iucrcment

(a) NAOA 23012atrfoll. (b) NACA ZW21afrfoll. (o) NACA 23030alrfoll.

FIGUREZ5,-Eflect of auxtllarg flap detlectlon on the increment of aect!on maximum llft coe13icfentfor the varfous airrolls.
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of section ma.simum lift coefficient is shorn in figure 26.
The highest Ac~~= for the NACA 23012 and 23021

uirfoils was given by a main flap deflection of 30° and,
for the NACA 23030 airfoil, by a deflection of 40°.
The maximum increments increase with airfoil t.hicli-
ne~, and this effect becomes more marked as bfl is

increased. The rapicl increase in the increment of the
section maximum lift c0e5cient with airfoil thickness

FIGGRE‘Z6.-EtTect of rnalri flap deflection on Increment of saetion maxhnunr Hft
eoefilcient of NACA 230alrfolls with 40-pereentAord double dotted tips.

is not readly apparent in the final section mfium
lift coefficient, which (as can be seen from fig. 27) is not
greatly affected by thickness; and, whereas -dues of
Aclnn increase about 40 percent with an increase in

airfoil thickness from 12 to 30 percent, the section
maximum lift coefficient increases by onIy about 7
percent over the same thickness range. ID view of the
fact, however, that the section maximum lift coefficient
of the plain airfoils decreases 30 percent vrith the
increase in thickness, the small magnitude of the
increase in matium lift for the flapped airfoils is

expected. It is of interest to note that similar results
have been obtained with split flaps (reference 7) and
single slotted flaps (reference 3).

COMPARISON OF VAIUOUS SLOTTED FLAPS ON EACH AIRFOIL

Comparisons of a 25.66-percent slotted flap, a 40-
percent slotted flap, and a 40-percent double slotted flap “

~ .~
~

- “

AI

7 ~

Aclm==

\ _

FIGP
~ None
~ O.2566c SfOited
~ .40c slob’ed
— .40c double slotied

+EEEEE
20 ,?4 28

Airfoilthichness,percenf c

FIGCBE27.-Effect of airfoil thickness on section ms..xbnunsIift mefticlent of N.4 CA
230 rdrfo!%wtth and without slotted flaps.

on the hTACA 23012, 23021, and 23030 airfoils are
presented in figures 28, 29, and 30, respectively. At
section lift coefficients below about 2.o, the double
slotted flaps ba-re about the same section profile-drag

-.

coe5c.ient.s as the single slotted flaps for all three
airfoiIs. For the higher section lift coefficients, the
double. sIotted flaps give less section drag than the
single slotted flaps.
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FmuBE Kh-Comparhon of slotted flaos on NACA 23330otrfoll.
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On the basis of the maximum obtainable section lift
coefficient, the double slotted flaps show a considerable
gain over the single slotted flaps on the airfoils (fig. 27).
On the NACA 23012 airfoil, the increase in section
maximum lift coefficient over that of the plain airfoil
is 81 percent, 87 percent, and 123 percent for the
25.66-percent slotted flap, the 40-percent slotted flap,
and the 40-percent double slotted flap, respectively.
In the case of the hTACA 23021 airfoil, the respective
increases are 107 percent, 110 percent, and 162 percent;

36

---- ---- ---
----- ----

32 .
---- -

.-
---

,

/2.8 — — ~ — ~ r — “ — –- ‘– “–
.,

c
/ ~. -

$24
// “ ,

i
$20
x

5
~ /.6 1

& ---------- 40c obublesfo+fedffqo

t
——.* ztotiedffqo

.Z5@c Sroffedflop
g 1.2 f

u.

.j .8

8

.4

0 I 2 3 4 6 6’—
Tdl [ergth, [t

FIOU’SL 31.-&ctlon efleetive mdnuun M mss3icknts for slotted tlsps on NACA
mlz dlfon.

while the iucreases for the NACA 23030 airfoil are 160
percent., 182 percent-, and 260 percent.

Although the section ma-ximurn lift coefhients
obtained with the double dotted flaps are greater than
the coefficients obtained with either of the single
sl~tt ed flaps regardless of airfoil thickness, it must be
remembered that the pit cbing-moment coefficients are
&o greater. Thus, a double-slotted-flap installation
will require a greater negative tail load to balance the
pitching moment than -will a single-slotted-flap instal-
lation, and it therefore appears desirable to take the
\aiI load into consideration when the maximum lift
coefficients are compared. Accordingly, section effec-
tive mtmirnum lift coefficients -were computed for each
airfoil-flap combination for various tail lengths by the
formula=

PM(...JOIC%=
clam===C

Jmas+ ~,

These data are presented in figures 31,32, an-d 33. For
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each of tho airfoils, the effective maximum lift coeffi-
cient obtained with the doubk slotted flap is greater
than the coefficient obtainecl with either of the single
slotted flaps. The superiority of tho double dotted
flnps in this respect increases with tail length.

The. pitding-momsnt coefhient.s plotted in figures
28 to 30 are those obtained when the flaps me moved
and deflected to the positions that give minimum
values of section profile-drag coefficient at 8 given
section lift coefficient. The difference. in pitchir g-
moment coe5cients of the various slotted flaps is most
marked for the NACA 23012 airfoil. On that airfoil
the 25,66-percent-ohord single slotted flap gives the
~owest vahws of pitching-moment meficient while the
double slotted flap gives the highest values throughout
the lift range. OrL the NACA 23021 airfoil the lowest
vaIues of pitchimg-moment cmftlciaut are givem by the
40-percat-chorci single slotted flap while the 25.66-
percent single slotted flnp and the double s~otted flap
give about the same pitching-moment coefficients below
CJ=l.2. In the case of the NACA 23030 airfoil there
is little difleren ce in the pitching-moment coefficients
given by the three flfips for lift coefficimts up to 1.6.
For lift coefficients less than 1,6, the 40-percent single
slotted flap gave the lowest pitching-moment coefficients
while, at higher lift coefficients, the 25.66-percent single
slotted flap gives the lowest value of pitching-moment
coefficient.

CONCLUDING REMARKS

The effect of increasing the airfoil thickness on the
aerody-nmnic characteristics of airfoils with double
slotted flaps was to increase the section profile drag
through most of the ~ift range although, at very high
section lift coefliciants, the section profile dreg was
reduced by an increasing thickness. The section maxi-
mum lift coefficient increased slowly with increasing
airfoil thickness.

For a given airfoil thickness, the section profile drag
of the 40-percent-chord single slotted flap, the 25.66-
percent-chord single slotted flap, and the 40-percent-
chord double slot ted flaps was about the san-m at sec-
tion lift co.effic.ients less than 2.0.. For higher section lift
coefficients, the double slotted flap gave the lowest
section profile-drag coefficient regardless. of. airfoil
thickness. The section maximum lift coefficients of
the airfoils with double slotted flaps were considerably
higher than those of the airfoils with single slotted
flaps for all airfoil thicknesses, The large lift. coeffi-
cients for the double slotted flaps were accompanied by
large pitohing-mornent ccticiegts.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COUTTEE FOR. AERONAUTICS,

LANGLEY l?IELD, VA,, August 6, 19J0.
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TABLE I

ORDINATES FOR NACA 230 AIRFOILS

[Staflone and ordinatez 10percent of airfoil ohord]
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TABLE II
ORDINATES FOR FLAPS ON NACA 230 AIRFOILS

[StutIons and ordinates In percent of rdrfoUchord]
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